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ffiiB •> u 3 >utim^ft L T miBi t; + -> •\' 
s 0 1 &mmm:^m. 

tt^tmm 1 KiBicto s 0 1 stsoftsij^ii. 

Clt«JS4] HljlB^?LflS«. MfS'>U3y*igaS 20 

'^mtt^msRm \ ~3o^^■rnA' i istcaeffljos o i 
m»m5i si}iEai*3^*3$nfc«s©s5iB>"j3y 

1 ~ 4 cDi/>-rn*^ 1 mictmfo s o i muni'^^i^mo 30 

[W^il7] BtjIBy^x'vti. 7K^, 7N 
^%^m^-riiM^93 (CIBKO S 0 1 St^cDffijT? 

So 

[000 11 

[0 0 0 2] 

^(i. Silicon on Insulator (S 

on awi:LT/£<a3'^n. mn(Oiyv^>mm^^ 

^ <t S -r § / ^ ;l/ ^7 1 j > atffi -^(i: SiJii L ^ ^ I ^ O 
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[0 0 0 3] «ifi«^^fnrcSO Ifl5dc?i(D+T% !$tc 

/)Sfe§o cmi. 'prj:<^ ti,-m^mitmic^oi&mm 

•r C t (c -D T*g®^±tcftEcO/» ?^*}t o iy U 3 

ti;^BiJLT2ifi!3fei»o 1 OtiW^O^Tft^ d ?j ffi 
(BPSOIiBonding andPolishi 
n g S 0 I ) Tfe . 1 9 1 Oti:St-fiM(D@± 

2 fSfgT^T)5: -9 (BESOl:Bond an 

d R r. c h b a c k SOI) T£>i>o B E S 0 Hi 

S/ u 3 y rS14 ^ l^^abBfS. L T S x ^ y ^"x h >v y 

(Oi^-lt^ffifS-r ^ftCitCOE E SO \ tCh 

LT. X-yf->^-t$tt^^{i:^-ttTL^9PjRg14*>S 
[0 0 0 4] ^-p-OliOa-b^SO I T'SS?5:C^ 

^ (gf t L T e PA 0 ^ t>-t^ ^ ^ 1/ > 9 3b^# :^ 6 n ^ o 

E S 0 I Oii^tCtiSfb^tOiaOfcAitCX'y^vyx h 

*y yg(0^$$!|*l y n 7 r ^ * -tiT L S 



(3) 



ItfeW 7-249749 



[0 0 0 5] S i 02 tS i Oz *iif*<fc 0 t?Si.^ifa^ 

$S^LTl/>^ (G. G. G o e t 2, E 1 e c t r o c 
hemical Society, Bonding S 
• ymposium 1991. Extended ab 

s t r a c t , pp. 6 5) o cntiS i On (DB,^^ 

v5rS i 02 Umi^cm^^t^. ^(r>JL^^)\^:^-TS i 0 io 

i^?ifig^cOS;a § ffl^ & t>'t^ (Dli a L T 1/ > i> o 

at/cB E so I ti:T?iJ^^^^'«^l\ f^&^^ffx-y 20 

K - y X tf ^ -v ;l/i?£S^?T^ o O 
'hmnrzi^\ CVOfOlt^. ^ttc^-rDXtf^+i/^^l/ 

^lOif ^tcti, Wigtci: -:5Tf§e>ni>¥t0triU 0 

[0 0 0 7] M^^t>^m(o^m\tf)^B,< . aobes 

Q](oxo iciiitm<Dmmt^^-T\ 'iit^o b e s o i 30 

c o± > u 3 visna * X tr ^ ^ /Ufigg-r ft^B 

ff^&^ a^mw-s-z 1 3 3 8^#i>fg#HS) o c(om 

^fLaJi/)^B E so I TM^X'y5^>yXh-yy® 

T. 7'yK3^0x^y5^y^*^^cWUT3f'^ti:X'y^>^- 
b-h;b^iSv>OT\ X'yf-y^'Xh'yygirl/^^J^Ofe 

^i5li^?x•y^yy^$^4;&amLTl^^o ccoswT^i^ 

CVDHT'JBfiK-ri^BESO ncit^T. xtr^^^i/^ 
> T ^ A X tf ^ 4^ ^ ;I/fi)tg@Sffi . ^ ^ <om 

[00 0 8] 



[0 0 0 9] ttz. 4-;>r KtiBiS*?^t>^3ijS/'£ltT'4 
[0 0 1 0] ip-fe^ ?£ttStO^®*'^i5-T\ TSfiS i 0 

[0 0 1 1] (5e0flogag) siiico 

lgll?E;?)'«i^-T% T«6S i O2 if+i^rj:m^^n^. SflS 

^ffil;(3"^/jN^<. .t^-r K;i)^'>^i>i:i^o/ca*J6^^&S0 I 

[0012] 

«5%jBfi)c*ri>o (^i;< sates i 02 ^^t^^nmm 
(m2co®«) Afflict. cne»top«. feL<tj:t.>-r 

^tcBiL. ft^MicS i O2 SB€:S14{frSo ^LT 

2ftO^?1g^^r/hlTV an d e r Waal stfO^ 

ic) $-rxtri?4^>>^;|/fi5cfiffii]<OS/';=iySgg|55^;&W 
SiJSfctix^y^yyu. feci.^T^fl.Mai55i^%S«?«Jtcx 
^y^V^'LT. *^B^HS/U3y5iK«:S i Oz ±^cmfS. 

[0 0 13] ^nm^'Mm-t^itc&rzor. ^?lM'>'J 

[0 0 14] -o^cti^fLM>"Jnyox'y^y^fJt$14 
Tfe am n V{i 7 'y KT-a^ ^*x ^ y y ? n 
^fLM{tt-§c: tt£:J:oT7'yKTOX'y5^> 
i5^;!)^^&6fc%5o L*^t>7'yK> 3iKft7j<^7KOg&x 
•y^y^'fS^fflv^^^. l^^?LM^^7LMTtiS^ 1 OO 
SUHftttOx-y^y^Tji/iCtk^bn^enSo StoTl Mm 

•y^y^''/)^pr&g(c;Q:5o 

[0 0 1 5] td-o«0^~m{i:xtr^4^£/^;l/figS?$14 

^osffijcfiEg-rsxtr^r^i/^yust^. if^?LSomie 
B^Bgffi±ox tr ^ '> h i5iripi^o^a^Btt;^)^?# e> 

[0 0 16]?^. ^?LM±Oxkr^? + '>^;l/figgOttSi 



[0 0 171 &.±(omm^ik^o. fi^mtLxim 

i 02 sii5i±^a5o^t>'^§oT\ fii4/iT$>i>xtr^ 
[0 0 19] ^LT^*j^t>^nm(Ds i 02 ti, 

[0 0 2 0] ttz. m^^Jini^'J:J>^(Om^J^y^ 

[0021] $/c. milBy^Xx'ti;. 7j<,^. m 
L<. CtliCctD. S i O2 mm^^O 

[0 0 2 2] ammmmm) ^^m^o^mmmm^m i 

[0 0 2 3] 1 - I ) mi^Bi^^):nySW. 10 0^ 
[0 0 2 4] ^fLMv^U=l>Ofgfig7iffitCOl^Tti. ^ 

%(Di§me 0 AicmLxi^r. ?§fgfflJtcaos@6 0 6 
[0 0 2 5] tfc. me-ziCTikt^oic^ mmmme 

v\ v>-rntC'ti:ci:7'ySl^?gafc}gLTt.^^M0^8gllJ 



W 1#PffW7-2 4 9 7 4 9 



[0 0 2 6] '7'y^^®fg6 0 4 tLTti. -iKW^Cti 
my-y^ (49%HF) ^ffll^i)o *iS7j< (H2 0) T# 

itfii.^ftcm^6oo(Dmmt'^^mti^^^LxL^\^\ . 

Xyjl:3-?\y^mk^i§'^ti'^$)^o T)l:n-)VtLX?^ 
^y-jl, x^?/-;k yp/V-;k -rvyn/V- 

10 «:ffiv>T. 't^m^Mift/vLtjiti^ibmmitf&^if'^xi,^ 
^n*i^«^^ifeW4^ emi^ (au) . a& (Pt) 
ibn^^miinxti'^it)rji\.'ti\ ^ffift^Sc^b^Ste e o o 

f ^T(C*^fnfcB$,cST\ 7'y/S^?g?l$6 0 4 *^IE««8 

6 0 5(C3it"^cOT\ lESffie 0 5(0SStCtiif7'yK 

20 a®(c^K(7)xtr^:^>/-v;l/figS*^T't^lBH(^Ti^^ 

tOfi46^f*f|:6'«;*c^<^S:^o cmc J^oTxtf^^^v^i- 
^l/^ScOftft^b^Slt^oT < SOTSSo 
[0 0 2 7] m\-2) \:A±(OX^lcLXmfS.Lrc§^ 

fLKH 1 0 1 ±tc. lf0?LKco^iigBl^/U 1 0 2 
^xtr^^^Sz-r^l/^MT^c xtr^^^vz-vyl/^mti-^ 
6^J&:^CVD. ilSECVD. T^'^XvCVD. 5J^*gx 

(i:. 0. 5 fjL mlATXA^. cntiO. 5 //ml-:^±(0^ 
40 mxS>^t. ?^t07x-;l/O^tciJJ8l. ®«ll;b'«ffic:e» 

[0 0 2 8] (0 1-3) xtr^4^i/^;l/® 1 0 2 ^Og 

m^mt (10 3) "T-Sp cntixtf^4^'>-v;l/g^:^«i 

^S^i t ^ -ti ;i) g B J&: i. ?) T ^ o 
[0 0 2 9] /SiS^ftM/iti. ftS0^bH^Sffi*c8JDjAS 
50 n^;«cM«f»*^60r3>^^:^-'>3 yoiJS^gtt^i^ 



(5) 
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[0 0 3 0] (0 1-4) ±iaas7b'^^ft^nfcxbf^ 
02 (10 3') «ra®icfrr§s« 1 1 o^fflSc-r 

[0 0 3 1] :^5:i/^Tctie<^iSSfi. feL<ti-;^«:y 

i 02 ^f^mtt^o 10 

[0 0 3 2] y5Xv|?HMf1^ti:Ba-r<httcffll>:&:^'X 

^mcm^-t^JL^^Jl^^-ii D C /WTXTS'l^Vl^ 

4 0 OvtO!/f5glS<?)S5fflT*JS|]-r^i7):6^&?^L<. ^tl 

'7Xvg{2|s:;5)'^itO-fe;l/7/W7X«'SiJP*r§Ci:T't+ 20 
5j'iTi:;li>o -tr;b7/W7Xti;i^jKtiV^Xv;&fti>R 

[0 0 3 3] X*gti::^m*§guHiK^^HM*-ef?fflr 

[0 0 3 4] (01-5) ±lBffl« L/C fS^SIS^StJfb 

[0 0 3 5] ^o^t^^^Tzmcmm^^mz'tnEt^ 

[0 0 3 6] ^LT^^tCfteO^o/c^StS^^M-r^o 

fLSSl 0 l^^^Ji^ft^r^SCbTLSofcO. Sfitc 
t n T ^ /c^*f6?%;0^x t! ^ ;l/iS til ffiiat- ^ C 

(g^Si^^^^o mft:Wtcti: 6 0 0-1 1 00 nmAtmt 

ti, i/o:2ytE^(DmBm%&(om^'i^'(b. 2 cox: 

[0 0 3 7] (01 -6) ^^^tCXtfi^^v^A'/l/figfiBl 50 



0 2J&SLT>^Ui3>'StggB5^1 0 0^^?LKg&5^l 0 

1 ^IWa^tcR^^-r^o S-fv'UayStSgP^^ 1 0 Oti: 

7y^:X77)<l¥c07/l/:^7>JJ§fS^ ScVHi h 'J ^ 
f-;l/7>'tx^AI|(7:)^«i7;l/;^';®?i5T^£1-^c x 
^yf-yycDif^Ji 1 0 0rWT^0S^S^*T^7*9O;^)^ 
xiSWTfe^o 7;l/;^'J^C0®SltiS i O2 ^9&^x^y 
^y^'LJ5:V^OT\ ^i$Sfi*'i:;y7X;()^t>L<^Kfblg 

i t < ti; c ntcffF^^^iP;^ fc^ig^fSTx 'y f-y . 

St-i)C i:tplgfeTfei>o {iiL^'y^fflmx^y^i'V 

hti$}tS«*t^'>x«y^yif-r^t?)T\ ft^WOffi 

ffltiigtt/cTjTbUl^o i/UzJVBIfiSP^J 1 OO^x^yf- 

y^^L. ^?LMfH5^l 0 i^b^aStBbm^TX'y^y^- 

TSJRx»y^yy*ffJS:"5o x kT 5? 4^ ;l/fiicgSP5i^ 1 

0 2 ^JLHT- I ^ CO H 7 «y ^ S iS-tt-T »flS ^ 
LT?$^o S/c^^i?)C^;G:7S)^e)^i$StSl 1 O^i. S 

1 O2 ^±^5^'i:-r«.ii'&tc{i7»y^^r§?«^CjSiSb^ 

£|H*P.^]7^y(iigffi^CiiLT43<Oti:»$L<^ 

tL5J#i$«gl 1 03()^'>LTtx^yf->'^"tfc< 

^fl-Sgu^i-i 0 1 t>fei>§S7;i/;b';j§?a. ^mT)\yi: 
^rzf,ty>ymmm^smmvm<Lrism£. x 

^ -^^ ^ ^?LSiicOiiiRx ^y ^ > ^ ST 8# 

[0 0 3 8] xtf^ + >'-\';l/|Jg 1 0 2i:^?La® 1 0 1 
0)liRX'y^V'5''tcfflV>;S7>y^3^r§?g^l^-5 0ti. 7 

•yKti:iiltfl:7K^7j< (H? O2 ) ^m^Lrzi^Of^^m^^ 

[0 0 3 9] \u.±(oxm^'ij^^ "jct^c^-D ri&mam 

[0 0 4 0] 

(usseij 1)0 1 Rxfm6im\^^r^^m(om i usiey 

[004 1 ] (01-1) 6Z5^^X3y<Dm^^n 
ofc5^V^PS (1 0 0) ^l^B^BV-'Jnva^ (0. 
1-0. 2Q cm) %fflSL. cn€:0 6- ncS^fcJ: 



(6) 
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1 Q0(Omm^2 0 fimtzlff^KUiy^J ^ > I 0 HCL 

/Co c(om(Dmm6o 4iti4 9%H¥mm^mi\ 

?LKftjilSti 8 . 4/im/min. T$»0. 2 0^mO 

[0 0 4 2] (01-2) Bij32^?La>'UnV 1 0 1 
±tCC VDT^tCcfcD. m^reS/Uny® 1 0 2^0. 5 

[0 0 4 3] &m^^7s : S \ Ha /Vii io 
-nx-m. : 0. 6 2/1 4 0 (1 /m i n. ) 
: 7 5 0 '^C 
: 8 0 T 0 r r 

V 

-0. 12/xm/min. 
(SI 1 - 3 ) ±a277ritCT<tfi)cLfcMjS*7k?;«^^^|iH 
Mff'Q 0 O'^CcO^il^TaigL. 0. \ \im(rm\'cW\ ^ 

[0 0 4 4] (El 1-4) ±ia^<bsi^^'r^ss 1 

0 0^. •?iitfflSLT:feV^/cO. 5 /i mWiD>"J ny® 

{tfliJ&W'r^$^s« (s/U3v»!7x/N-) 1 1 o*y 20 

[0 0 4 5] RFjgffi^' ••13. 5 8 MHz 
R • • • 4 0 OW 

• • ' • 3 0 s c c m. 

1 5 p a . 

S&SBIP^ • • • • 5^ 

fCo 30 

[00 4 6] (^ 1 - 5 ) ):MMwm.\ufzmmsjt 

[0 0 4 7] (SI -6) mm\k\^i^')zxyW&\ 
0 0fiiJ?rSSWSi)SST'6 1 O/imMUL. ^TLKv^'J 

3>i 0 2^iSte^-ttfco 

[0 0 4 8] c:iOSffi%?l*8!tSJRX'y^yy^®ft> 

HF.*H2 02=1:5 1.6/i m/m \ n . 

T'feo/co St:3T2 0/imggO^fLKg|55^(i. $51 3 5> 
F^T^Tx-yf-yy^n/co -^^^ICCO^tfO^JSpl 
yUnVg 1 0 2OX'y^vy^JSti0. OOOe^m 
Zhou rT$)0. ^^X'y.^yy^nrtcSr^/cc 
[004 9] COSSO. 6 ^im(0'>U3yK(tS±tc 
J^O. 4 ;zm£0#JgB^Bi/Urry^:^{i;l/cSO I SS^^ 



10 

[0 0 5 0]. (*J6fi^j2) ia2SrfflV^T*56KOS2* 

[0 0 5 1 ] (02- 1 ) 3 0 0 firnO/p^^i^o/c 
Sfii^O. O-l Q • cmcD4'l'yf-P§y (1 0 0) i/'J 
:3>S^S2 0 0^ffljit. ^^Dg®^mi*MiJi:l^<S 
LT 2 0 /i m/ctt^fLKi^ U n V 2 0 1 t Ufco 

[0052] (0 2-2) ?#?>n/c^?LKS±tcmi 

l|j5Si<?iJi:lRieiti:LTxtf^+>'^;l/S2 0 2^0, 15 

[0053] (0 2-3) ±ie?7ffitCT{^fiStL/c»« 

^10 0 0 x.<r>im%'^^ 0 . 1 M mllft: t fco 

[0 0 5 4] (0 2-4) ±EStSi:^tofflitLrfe 
l>fc4>l'V^(?D&figS^S1g2 1 0«:. mi*fiSH5»J^|5] 

[0 0 5 5] (0 2-5) ±fiB>'U3>3Stg2 GOi: 

5^S€2 1 0^*ifi7X'^tc 5 57^r^?t L/C ?gtc, 
aS«:lfi»3^t»^/co «^l^T 1 8 O-C. 2 4 8#P^(OgSSa 

[0 0 5 6] (02-6) S*r2 8 0 /imfei>>'»Jn 
>SSg|553^2 0 0%7^yK/6g^/fF^Ol : 1 0 : 1 

Oig^rg^STx^yf-y^^^L/co ^LT^StC^fLMv"; 
3^12 0 1 ;b'«BtiiL /etc 5 T% ^?LMS2 0 1 «:7 
'y®/3iKfl:7K«7j<toi : 5g^fi5T5iiR6gtcx'yf-y 
^'Lfco C0i:t7*yg^/ffifg/l*IScD¥«Sas/U:3V 
tcJt-r^X'y^y^'l^- h^i:$^2 Mm/53"e^)-o/c(?:)T 
S^l 4 05^T\ S/c7'yK/m<l:7j<^7j<(0^fL«>"; 
:3>tc>r^-r^X'y^yyu~hti:l1) 1 . 6/xm/-^^'efe 
o/cOTSlJl 3 5^T^?LMBi^T;b^X'y^>yT'#/cp 
5^Sffi2 I 0ti:S(/£mX"y^y'5f;jn/c/cttti:fct-t 

0 /Co 

[0 0 5 7] CtO)gS555S1g±tc0. l/im(0'>U=3 

y^jge^aJi^^tl^/c S O I SS^^ffi*±^'^0 V S 0 I 

[0 0 5 8] (^mms) 

(03-1) 4 00 nmom^^^-DrzWi^mo. o 

1 Q • cmt0 5>l'>^f-PSi ( 1 0 0) i^U3:/gS3 0 

o^rffliiL. ^(ommt'ib 2 0 Mm^oip^/ctt^aaii 

3 0 1 ^mf&LfCo 

[0059] (0 3-2) ?f ^tl/cSScO^?LMSrfi 
icm\Mm^\tmm^LX:r,}^^^iy^J\ym3 0 2^ 
0. 5 /imOiP*tiC}gfigb/co 

[0 0 6 0] (0 3-3) ±HB@ffiOxe$f + >/^;l/ 
®3 0 2g®* 1 0 0 0'C^O7j<^m*T0, 2/imgg^t 
LTS iOz msOS^mzo C(0ieSxtf^4^S/-v;l/ 
Al^Dv/UnyiM^-,^U^i5^;!)^0. 4/zm. 
0. 2 MmCDHl»^c§4?^o/co 

[0 0 6 1] (03-4) ±ia:^ffitCTftfiJcb/cSS 
3 0 0i:^A6ffljtLT*3i.^/c^fi£5^Ste3 1 0*^-7 



(7) 
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[00 6 2] R FMIffilS- • • 1 3. 56MHz 



R F/W- • • • 4 5 OW 

iiy^m mm/^Mm^ 

MMit 4 0 s c c m/ 1 6 0 s c c m 

Et} 2 0 p a . 

mwms • • • • 8 «^ 



(03-5) ±timm&^^ 1 0 %(r)]gmt7}<m7\<r' 
[0 0 6 3] (03-6) itEmm^mietm-r^ct 

S : S D~ 1 ) tcif 9 OXlT^'^smm^mLtza C 
ntc ^Oi/Vu y gtgfflijco/ 3 0 0 

.^i^T^fLMa5«^3 0 1 -m/mmit7m7mmT 
[0 0 6 4] (03-7) ±.tixmc^om^nrz^ 

5^mm 1 0±(O^*S.Wr>UnyR9llg3 0 2;£. Mf-^ 

Ts S^o.ig^tl^^i 0 0 oro/t^^;i^^^^To. 

[00 6 5] (mmmA) m4^m\^'r-^^m(om4m 

[0 0 6 6] (04 - 1 ) 4 0 0 fimO^m^^f^-orz 
SJa^O. 0 1 Q • cm05-ry^Pgi (1 0 0) >"J 
=i>'Stg4 0 O^fflitL. ^(Dmmii^ib2 0 timOm^ 

fc^f^^nm 4 0 1 ^mf& u/co 

[0067] (0 4-2) ?#e>n/cg£fO^?LMSDl 

0. 5 m<Dl?.MCjBf& Ltzo 
[0 0 6 8] (0 4-3) ±iBSIS^0xkr^4^i/A';l/ 
1 4 0 2S®^9 0 0*€O7|<^M*T'0. 0 5 /i mKft 
LTS i O2 18 4 0 3*ftJ/co 

[0 0 6 9] (04-4) ±iB77ffi(CTi^^L/cSffi 
4 0 Oi:^46ffllcLT^l^/c5>i'yf-ii. S^6 2 5 M 
ni(D^fi855ISt5 4 1 O^y-^XTSaFfiLfco Ja^H^ff 

[0 0 7 0] R FMISSj • • • I 3. 5 6MHz 



R Fy^7— • • • 'I 5 0 W 

mmymmm^ 

StStt 4 0 s c c m/ 1 6 0 s c c m 

S.t) 2 0 p a. 

mmmm- • — 3» 



(04-5) ±iesfissts^ 1 0 %(D)mit7m7iix^ 

Ignite 0^t)Htfco :^>:v^Taso&t?^/cSffitc7 o h> 

OE:^*)!)ntT 1 O^^HSt>fco HtcimStg?: 1 8 0 ' 

T> 2 4s#rB^^of^^aa^^7^ofco 
[0 0 71] (04-6) ±'^m^(Oi/ u n >mmi 

1S±tc, ^?LWli^xtr:^4^>'-v;l'^^'&i6T 1 0 0 /x 
m if (0 U a :/gt6*^gfi D ^t)-a:/c4^Stc o T 1/ ^ § o 
ctl*3 0 0X:. 2 4^F^^D^4!la*^T*ofco 
[0 0 7 2] (04-7) S-:3TV>/cM;l/i^cOgP5^4 

0 o^^\^mtmmmnmsr^mw\u tLr^nmiy 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

• l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim (s)] 

[Claim 1] The process which produces the 1st substrate which formed a porous layer, an 
epitaxial layer, and silicon oxide in order on the silicon single crystal substrate, The 
process which prepares for a front face the 2nd substrate which has silicon oxide, 
irradiates an X-ray on said silicon oxide front face of the substrate of at least one of the 
two of said 1st substrate and said 2nd substrate, and activates this silicon oxide front face, 
The process which sticks said the 1st substrate and 2nd substrate through said activated 
silicon oxide, and by removing said silicon single crystal substrate and said porous layer of 
said stuck substrate The production approach of the SOI substrate characterized by having 
the process which forms the substrate which has said epitaxial layer through said silicon 
oxide on said 2nd substrate. 

[Claim 2] The production approach of a SOI substrate according to claim 1 that said X-ray 
is characterized by being an electron ray. 

[Claim 3] The production approach of a SOI substrate according to claim 1 that said X-ray 
is characterized by being the plasma. 

[Claim 4] Said porous layer is the production approach of a SOI substrate given in any 1 
term of claims 1-3 characterized by porosity-izing the surface of said silicon single crystal 
substrate by anodization, and forming it. 

[Claim 5] Removal of the said silicon single crystal substrate and said porous layer of said 
stuck substrate is the production approach of a SOI substrate given in any 1 term of claims 
1-4 characterized by being carried out according to the process which etches said porosity 
silicon part alternatively succeedingly after grinding or etching removes said silicon single 
crystal substrate part by which said stuck silicon substrate side is not porosity-ized. 
[Claim 6] It is the production approach of the SOI substrate according to claim 5 
characterized by performing alternative etching of said porosity silicon part with fluoric 
acid and the mixed etching reagent of hydrogen peroxide solution. 

[Claim 7] Said plasma is the production approach of the SOI substrate according to claim 3 
characterized by using hydrogen, oxygen, nitrogen, halogen gas, the gas of the single 
element system of rare gas, the compound gas except a silane system, or these mixed gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the production approach of the SOI 
substrate produced especially by the lamination method about the production approach of 
a SOI substrate. 
[0002] 

[Description of the Prior Art] Formation of the single-crystal-silicon semi-conductor layer 
of an insulating lifter is Silicon, on It was widely known as an Insulator (SOI) technique, and 
in the bulk silicon substrate which produces the usual silicon integrated circuit, since this 
substrate has many dominance points which cannot reach, many researches have 
accomplished. 

[0003] A common name "lamination SOI" is one of those are qualitatively excellent 
especially in the SOI forming method reported recently. This is the technique of leaving the 
silicon single crystal thin film which had the thickness of arbitration on the insulator layer, 
by grinding or etching a substrate from either the side, after at least one side heat-treats by 
sticking the mirror planes of two wafers with which the insulator layer is formed of 
oxidation etc. and makes association of an adhesion interface powerful. In this technique, 
the process which thin-film-izes a silicon substrate is the most important. That is, a silicon 
substrate with a thickness of hundreds of micrometers must usually be ground or etched 
into homogeneity to the thickness of several micrometers or 1 micrometer or less, and it is 
very difficult technically its controllability and in respect of homogeneity. It divides 
roughly into the approach of thin-film-izing of silicon, and there are two kinds in it. One is 
the approach (BPSOLBonding andPolishing SOI) of performing only by polish, and another 
is the approach (BESOI:Bond and Etchback SOI) of preparing an etching stop layer in right 
above [ of the thin film to leave ] (the time of substrate production of a simple substance 
directly under), and performing in two steps, substrate etching and etching of an etching 
stop layer. Since BESOI grows epitaxially on the etching stop layer in which the silicon 
barrier layer is formed beforehand in many cases, this BESQI is made advantageous now 
for securing the homogeneity of thickness. However, since the etching stop layer contains 
the impurity in high concentration in many cases, distortion of a crystal lattice occurs by 
this, and there is a problem that a crystal defect spreads to an epitaxial layer. Moreover, an 
impurity may be spread at the time of oxidization of an epitaxial layer, or annealing after 
lamination, and an etching property may be changed. 

[0004] It is that it is important at 1 more lamination SOI in the point of being easy to 
generate interface state density in a lamination interface for the impurity in atmospheric 
air. or the irregularity on the front face of a substrate. Interface state density tends to 
become the cause of bringing about property degradation of current leak of a device etc. 
So. in order to avoid this, how to stick after oxidizing a barrier layer can be considered. 
Thereby, the substrate interface of a barrier layer turns into a thermal oxidation interface 
instead of a lamination interface, and interface state density is stopped low. However, in 
order to obtain the oxide-film thickness which fully fulfills the property of SOI, as it is 
necessary to oxidize considerably and the barrier layer was mentioned above, in BESOI. the 
impurity profile of an etching stop layer may be changed for the heat at the time of 
oxidation. Therefore, a barrier layer will oxidize thinly, will thicken the silicon oxidizing 
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zone of the substrate of another side, and will stick silicon oxide. However, a trouble new 
again arises also here. That is. compared with the lamination of silicon and silicon oxide, 
many openings to a lamination interface which are low as for the lamination reinforcement 
of silicon oxide, therefore are called a "void" will be generated. 

[0005] Si02 Si02 Goetz and others has reported how to stick a quartz substrate and the 
^ silicon substrate to which the front face oxidized as an example stuck by bonding strength 
stronger than before (G. G.Goetz, Electrochemical Society, Bonding Symposium 1991, 
Extended abstract, pp.65). This is Si02. It is the oxygen ion plasma by exposing a front face 
into RF plasma of oxygen, and impressing a DC bias between the plasma and a silicon 
substrate Si02 It is made to collide with a front face and is Si02 with the energy. It is an 
approach of making it activated. And activated Si02 If comrades are stuck, and several 
times as many bonding strength as this will occur and it will put in another way compared 
with what was stuck without being activated, I hear that it ends with low-temperature heat 
treatment considerably although the same bonding strength is acquired, and, in the case of 
what dislikes hot heat treatment like BESOI, and the combination from which a coefficient 
of thermal expansion differs like the lamination of glass and silicon, this is suitable. 
[0006] On the other hand, the void is very sensitive to the irregularity of not only 
lamination reinforcement but a lamination side. BESOI mentioned above at this point is 
disadvantageous in many cases. It is because heteroepitaxial growth is performed, for 
example by CVD or surface smoothness is inferior to the flat side where performing 
epitaxial growth which doped the high-concentration impurity is usually but obtained [ in 
CVD ] by polish especially in the case of heteroepitaxial growth as an approach of forming 
an etching stop layer in many cases. Although an etching stop layer may be formed by an 
ion implantation etc.. surface smoothness will get worse also in this case. 
[0007] Like BESOI. the thickness of a barrier layer is uniform, the front face of a silicon 
substrate is porosity-ized by anodization in the example that several figures also have the 
selectivity of etchback better than the conventional BESOI. and there is a technique which 
grows a silicon barrier layer epitaxially on this with the sufficient surface smoothness of a 
lamination side (refer to JP.5-2 1338.A). In this case, a porous layer is equivalent to the 
etching stop layer said by BESOI. However, since the etching rate is very high to the 
etching reagent of a fluoric acid system compared with single crystal silicon, porosity 
silicon is thinking the high selective etching property as important rather than an etching 
stop layer. Since a porosity silicon layer carries out anodization of not CVD but the flat 
single crystal silicon substrate surface with this technique, compared with BESOI which 
forms an etching stop layer by CVD etc., the surface smoothness of the epitaxially grown 
barrier layer becomes good. However, even in this technique, an epitaxial growth phase 
front face has more delicately [ than the polish front face of bulk ] bad surface smoothness. 
For this reason, in case it oxidizes and a barrier layer is stuck with the silicon oxide of 
another side, some void may occur. 
[0008] 

[Problem(s) to be Solved by the Invention] As explained above, compared with the 
lamination of silicon and silicon oxide, the lamination reinforcement of silicon oxide has 
the problem of it being low, therefore generating many openings to a lamination interface 
called a "void." 

[0009] Moreover, although the void is very sensitive to the irregularity of not only 
lamination reinforcement but a lamination side, an epitaxial growth phase front face has 
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more delicately [ than the polish front face of bulk ] bad surface smoothness. For this 
reason, in case it oxidizes and a barrier layer is stuck with the silicon oxide of another side, 
there is a problem that some void may occur. 

[0010] That is, the thickness of a barrier layer is uniform and it is a substrate Si02. Having 
sufficient thickness, interface state density is small and the ideal SOI substrate that there 
are few voids has the technical problem which should be solved that it has still come to be 
produced. 

[00 1 1 ] (The purpose of invention) The thickness of a barrier layer is uniform and the 
purpose of this invention is a substrate Si02. It has sufficient thickness, and interface state 
density is small and is to offer the production approach of the ideal SOI substrate that 
there are few voids. 
[0012] 

[Means for Solving the Problem and its Function] On the porosity silicon side of a silicon 
substrate where the surface was porosity-ized, the production approach of the SOI 
substrate of this invention grows a single-crystal-silicon layer epitaxially, subsequently 
oxidizes this growth side surface, and forms the 1st substrate. Similarly it is Si02 to a front 
face. The support substrate (the 2nd substrate) which it has is prepared, these both or 
either is exposed to the inside of plasma, such as oxygen, an X-ray, an electron ray, etc.. 
and it is Si02 chemically. A front face is activated, and two substrates - a room 
• temperature - Van der after heat-treating by sticking only by the Waals force - first (or ** 
which does not heat-treat) ~ the silicon substrate part by the side of epitaxial growth - 
grinding - or ~ etching - continuing - a porosity part - alternative - etching - a single- 
crystal-silicon thin film - Si02 It forms upwards. 

[00 1 3] In carrying out this invention, there is two important physical effectiveness which 
porosity silicon has. 

[0014] It is the etching property of porosity silicon one. Usually, although silicon is hardly 
etched by fluoric acid, etching of it by fluoric acid is attained by porosity-izing. And if 
fluoric acid and the mixed etching reagent of hydrogen peroxide solution are used, in 
nonvesicular and porosity, 5 power twice thing etching velocity ratio of about 1 0 will be 
obtained. Therefore, the selective etching which it leaves to homogeneity with a sufficient 
controllability also in the thin silicon layer around 1 micrometer becomes possible. 
[00 1 5] Another effectiveness is an epitaxial growth property. Porosity silicon is 
maintaining single crystal structure as the crystal structure, and the hole of dozens - the 
diameter of hundreds of A exists in high density ranging from the front face to the interior 
The epitaxial layer which grows up to be this front face has the property that crystallinity 
almost equivalent to the epitaxial layer on a nonvesicular single crystal substrate is 
acquired. 

[00 1 6] In addition, as a description of the epitaxial growth on porosity, although it is very 
a low consistency, a stacking fault may occur from a growth interface. Since the stacking 
fault generated by this at the time of epitaxial growth is imprinted by the substrate of 
another side by lamination, the stacking fault observed in the silicone film of the made SOI 
substrate is visible to usual and the reverse sense. 

[00 1 7] From the above physical characteristic, it becomes possible to use a single crystal 
thin film equivalent to the epitaxial layer on a single crystal silicon substrate reliable as a 
barrier layer, and the SOI substrate which has the crystallinity which was excellent 
compared with the conventional SOI substrate, and the homogeneity of the outstanding 
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thickness can be applied. 

[0018] Moreover, in the process of this invention, it is Si02 of two substrates. It is low 
enough and the interface state density of the epitaxial silicone film which is a barrier layer 
since fields are stuck, and Si02 interface (thermal oxidation film of said epitaxial layer) is 
Si02. Since the thickness of a layer is controllable to arbitration, the substrate which fully 
^ employed the property of SOI efficiently is producible. 

[00 1 9] And Si02 of a lamination interface Since the front face is being activated by plasma 
treatment. X-ray irradiation, or electron beam irradiation, lamination reinforcement is 
raised enough and generating of a void is controlled. 

[0020] Moreover, as for the selective etching of said porosity silicon section, it is desirable 
to carry out with fluoric acid and the mixed etching reagent of hydrogen peroxide solution, 
and. thereby, it can etch it with a sufficient controllability. 

[0021] Moreover, it is desirable to use hydrogen, oxygen, nitrogen, halogen gas. the gas of 
the single element system of rare gas, the compound gas except a silane system, or these 
mixed gas, and, thereby, said plasma is Si02. A front face can be activated more effectively. 
[0022] (Example of an embodiment) The example of an embodiment of this invention is 
explained using drawing 1 and drawing 6 , 

[0023] ( Drawing 1 1 ) Carry out anodization of the single crystal silicon substrate 100, and 
form porosity silicon 101 . The thickness porosity-ized at this time is good at the several 
micrometers - dozens of micrometers single-sided surface layer of a substrate. Moreover, 
anodization of the whole substrate may be carried out. 

[0024] The formation approach of porosity silicon is explained using drawing 6 R> 6. The 
single crystal silicon substrate 600 of P type is first prepared as a substrate. Also with N 
type, although it is not impossible, where it was limited to the substrate of low resistance in 
that case, or it irradiated light on the substrate front face and generation of a hole is 
promoted, it must carry out. It sets to equipment as shows a substrate 600 to drawing 6 1 . 

That is. one side of a substrate is in contact with the solution 604 of a fluoric acid system, 
the negative electrode 606 is formed in the solution side, and the reverse side is in contact 
with the forward metal electrode 605. 

[0025] Moreover, as shown in drawing 62 . positive electrode side 605' does not care 
about potential at all through solution 604', either. Anyway, porosity-ization takes place 
from the negative electrode side which is in contact with the fluoric acid system solution. 
[0026] Generally as a fluoric acid system solution 604. dark fluoric acid (49%HF) is used. If 
it dilutes with pure water (H2 0), it will be based also on the current value to pass, but 
since etching takes place from a certain concentration, it is not desirable. Moreover, air 
bubbles are generated from the front face of a substrate 600 in anodization, and alcohol 
may be added as a surfactant from the purpose which removes these air bubbles 
efficiently. A methanol, ethanol, propanol. isopropanol, etc. are used as alcohol. Moreover, 
a churning machine is used instead of a surfactant, and anodization may be performed, 
agitating a solution. About the negative electrode 606, an ingredient which is not eaten 
away to a fluoric acid solution, for example, gold, (Au), platinum (Pt). etc. are used, 
although the metallic material generally used is sufficient as the quality of the material of 
the electrode 605 by the side of forward - anodization - a substrate 600 ~ since the 
fluoric acid system solution 604 reaches a positive electrode 605 when made by all, it is 
good to also coat the front face of a positive electrode 605 with the metal membrane of 
fluoric acid-proof solution nature, the current value which performs anodization - 
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maximum number 100 mA/cm2 it is the minimum value should not just be zero. This 
value is determined as the front face of the porosity-ized silicon within limits which can do 
- good epitaxial growth. The consistency of a porosity silicon layer becomes small at the 
same time the rate of anodization will increase, if a conventional current value is large. 
That is, the volume which a hole occupies becomes large. The conditions of epitaxial 
, growth change by this. 

[0027] ( Drawing 1 2 ) Grow the nonvesicular single-crystal-silicon layer 102 epitaxially on 

^> the porous layer lOl formed as mentioned above. Epitaxial growth is performed by Heat 
CVD, general reduced pressure CVD and general plasma CVD, molecular beam epitaxy, a 
spatter, etc. Although what is necessary is just to make thickness which grows the same 
with the design value of a SOI layer, thickness 2 micrometers or less is preferably good. 
For this, the single crystal silicone film of thickness 2 micrometers or more is Si02. It is 
because big stress will occur in a lamination interface from the difference in the coefficient 
of thermal expansion of both ingredients and destruction of a silicone film, the curvature of 
a substrate, or exfoliation by the interface will take place, if this is heat-treated in a device 
process when having stuck with the insulating substrate used as a principal component. 
Since stress will be comparatively small and it will end if thickness is 2 micrometers or 
less, membranous destruction, exfoliation, curvature, etc, cannot happen easily. It is 0.5 
micrometers or less more preferably. This is because it becomes easy to produce a slip line 
into a crystal in a minute field, even if exfoliation, destruction, etc. do not take place that it 
is thickness 0.5 micrometers or more in the case of next annealing. 
[0028] ( Drawing 1 3 ) Oxidize the front face of an epitaxial layer 102 (103). This is 
because it becomes the factor which it is [ factor ] easy to segregate an impurity to a 
lamination interface, and the uncombined hand (dangling bond) of the atom of an interface 
increases [ factor ], and destabilizes the property of a thin film device when an epitaxial 
layer is stuck with a direct support substrate at the following process. 
[0029] In addition, oxide-film thickness should just have the thickness of extent which is 
not influenced of the contamination out of the atmospheric air incorporated by the 
lamination interface. 

[0030] ( Drawing 14 ) Prepare the substrate 100 which has the epitaxial side where the 
above-mentioned front face oxidized, and the substrate 1 10 which has Si02 (103') used as 
a support substrate on a front face. The support substrate 1 1 0 is Si02 on what oxidized 
the silicon substrate surface, quartz glass, glass ceramics, and an arbitration substrate. 
What was deposited is mentioned. 

[0031] Subsequently, both these substrates or one side is exposed to the inside of a plasma 
ambient atmosphere, or an X-ray and an electron ray. and it is Si02 of a front face. It is 
activated. 

[0032] Although the gas used when exposing into a plasma ambient atmosphere has 
desirable oxygen, inert gas. such as atmospheric air (mixing of oxygen/nitrogen), nitrogen, 
hydrogen or an argon, and helium, molecule gas. such as ammonia, etc. are possible. The 
energy which irradiates a substrate is Si02, when it is desirable to control by the DC bias in 
several volts - about 400 volts and it applies the bias beyond it. Since it is etched at a 
remarkable rate and a surface dry area is started, it is not desirable. Moreover, even if it 
does not control exposure energy by the DC bias, it can also perform enough controlling 
the self-bias which the plasma itself has. Self-bias is greatly dependent on RF power which 
makes the plasma, in addition dependent on a type of gas, the pressure of gas. etc. 
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[0033] An X-ray can be used in atmospheric air or an oxygen ambient atmosphere. There 
is a limit that it must carry out in a vacuum about an electron ray. 
[0034] ( Drawing 1 5 ) Stick after washing both the substrates that carried out [ above- 
mentioned ] preparation. As for the washing approach, it is only desirable to carry out a 
rinse with pure water, and what fully diluted with pure water the thing, hydrochloric acid, 
• or sulfuric acid which otherwise diluted hydrogen peroxide solution with pure water is 
possible. 

^. [0035] When a substrate is pressurized on the whole surface after sticking, there is 
effectiveness which raises the reinforcement of junction. 

[0036] And the substrate mutually stuck on the degree is heat-treated. Although the higher 
one of heat treatment temperature is desirable, since a porous layer 101 may cause a 
structural change or the impurity contained in the substrate may be spread in an epitaxial 
layer when too not much high, it is necessary to choose the temperature and time amount 
which do not start these. Specifically, about 600-1 100 degrees C is desirable. Moreover, 
there are some which cannot be heat-treated at an elevated temperature depending on a 
substrate. For example, when the support substrate 1 10 is quartz glass, it can heat-treat 
only at the temperature of about 200 degrees C or less from the difference in the 
coefficient of thermal expansion of silicon and a quartz. The substrate stuck when this 
temperature was exceeded will separate in stress, or will break. However, what is 
necessary is just to be able to bear the grinding of bulk silicon 100 which performs heat 
treatment at the following process, and the stress in the case of etching. Therefore, a 
process can be performed by optimizing the surface treatment conditions of activation, 
even if it is 200 degrees C or less in temperature. 

[0037] ( Drawing 1 6 ) Next leave the epitaxial growth phase 102 and remove alternatively 
the silicon substrate part 1 00 and the porosity part 101. First, grinding of the silicon 
substrate part 100 is carried out with a surface grinder etc., or organic alkali solutions, 
such as alkali solutions, such as a potassium hydroxide and aqueous ammonia, or 
trimethylammonium, remove it. In etching, it is effective to carry out in warm solution 100 
degrees C or less, the solution of an alkali system - Si02 since it hardly etches - a support 
substrate - glass ~ or if it is the silicon substrate covered with the oxide film, only a silicon 
substrate part can be etched alternatively. Moreover, it is also possible to carry out etching 
removal with fluoric acid, a nitric acid, or the acid mixed liquor that added the acetic acid 
etc. to this. However, it is better to avoid use of long duration, since fluoric acid nitric-acid 
system etchant also etches some support substrates. The silicon substrate part 1 00 is 
etched, when the porosity part 101 is exposed, etching is once ended, and as for the next 
porosity part 101, selective etching is performed in a fluoric acid system solution. Since 
the amount of [ 102 ] epitaxial growing region is not porosity, it remains as a thin film, 
without hardly reacting with fluoric acid. Moreover, the support substrate 1 1 0 is Si02 with 
a natural thing. Since it is easy to react to a fluoric acid system solution in considering as a 
principal component, it is not desirable to dip in a long duration fluoric acid solution. 
However, if a porosity silicon layer is thin, since it does not start so much, it will not care 
about the time amount which etches this. It is good to etch the support substrate 1 10 to 
deposit on a lamination side and an opposite side beforehand a silicon nitride, other fluoric 
acid, and the matter that cannot react easily in CVD etc. Or if the porosity part 1 0 1 is also 
made thin to some extent with the alkali solution, the organic alkali solution, or the fluoric 
acid nitric-acid system solution before dipping a substrate in an etching reagent, since the 
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time amount which the selective etching of an epitaxial layer and a porous layer takes will 
be short and will end, it ends, without also making a support substrate react not much. 
[0038] That with which the epitaxial film 102 and the fluoric acid system solution used for 
the selective etching of a porous layer 101 mixed hydrogen peroxide solution (H2 02) to 
fluoric acid is used. Although the selective etching of porosity silicon is possible also for 
^ fluoric acid, a nitric acid, or the mixed solution that added the acetic acid to this, I hear that 
some a selection ratio's seldom being taken in this case and single-crystal-silicon thin films 
which should be left behind are also etched, and it is necessary to control time amount etc. 
to a precision. 

[0039] A single-crystal-silicon thin film can be obtained on an insulating substrate by 

performing the above process. 

[0040] 

[Example] 

(Example 1) The detail of the 1st example of this invention is explained using drawing 1 

and drawing 6 . 

[0041] ( Drawing 1 1 ) The 5 inch P type (100) single crystal silicon substrate (0.1-0.2- 

ohmcm) with the thickness of 625 microns was prepared, it set in equipment as shows this 
to drawing 6 1 , anodization was performed, and only 20 micrometers of front faces of a 

silicon substrate 100 were used as porosity silicon 101. the solution 604 at this time - 49% 
HE solution ~ using - current density - 1 00 mA/cm2 it was . And the porosity-ized rate at 
this time is 8.4micrometer/min., and the porous layer with a thickness of 20 micrometers 
was obtained in about 2.5 minutes. 

[0042] ( Drawing 1 2 ) 0.5 micrometers grew the single-crystal-silicon layer 102 epitaxially 

depending on the method of CVD on said porosity silicon 101. The deposition conditions 
are as follows. 

[0043] used gas: - SiH4 / H2 quantity-of-gas-flow: - 0.62/140 (l-/min.) 
temperature: - 750-degree-C pressure: - BOTorr growth rate: - 0.12 micrometer/min 
( Drawing 13 ) The substrate created by the above-mentioned approach was processed on 

900-degree C conditions among the steam ambient atmosphere, and the 0.1 -micrometer 
oxide film 103 was obtained. 

[0044] ( Drawing 1 4 ) The substrate 100 which has the above-mentioned oxide film, and 

the support substrate (silicon wafer) 1 10 which has the silicon oxide of 0.5-micrometer 
thickness prepared beforehand were set in plasma treatment equipment, and activation of 
each front face was carried out by the oxygen plasma. Processing conditions are as follows. 

[0045] RF frequency [ 15pa ] ... 13.58MHzRF power ... 400W oxygen flow rate .... 

30sccm pressure 

Processing time .... In addition, especially between the plasma and a substrate, control of 
bias was not performed but surface treatment was carried out only by the self-bias of the 
plasma for 5 minutes. 

[0046] { Drawing 15 ) Both the substrates that carried out [ above-mentioned J surface 

treatment were dipped in pure water for 5 minutes, and processing sides were stuck after 
carrying out spin desiccation. 800 degrees C and heat treatment of 6 hours were 
performed after that. 

[0047] ( Drawing 1 6 ) 6 1 0-micrometer grinding of the silicon substrate 100 side was 
carried out with surface grinding attachment after heat treatment, and porosity silicon 102 
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was exposed. 

[0048] This substrate was succeedingly dipped into the selective etching solution, and only 
the porosity part 1 0 1 was etched altogether alternatively. An, etch rate [ as opposed to the 
presentation of a selective etching solution and porosity silicon this time ] is HF:H2 02 
= 1:5. 1.6 micrometer/min 
^ It came out. Therefore, a little less than 20-micrometer porosity part was altogether etched 
in about 13 minutes. Incidentally, the etch rates of the single-crystal-silicon layer 102 at 
this time are 0.0006 micrometer/hour, and remained, without hardly being etched. 
[0049] The SOI substrate equipped with about 0.4-micrometer single crystal silicone film 
on 0.6-micrometer silicon oxide as a result was done, and the consistency of the void of the 
SOI film decreased to 4 by about 1 /compared with what does not carry out the 
conventional surface treatment. 

[0050] (Example 2) The detail of the 2nd example of this invention is explained using 
drawing 2 . 

[005 1] ( Drawing 2 1 ) The 4 inch P type (100) silicon substrate 200 with the thickness of 

300 micrometer of resistivity 0.01 ohm-cm was prepared, and only 20 micrometers of the 
surface were used as porosity silicon 201 like the 1st example. 
[0052] ( Drawing 22 ) The epitaxial layer 202 was formed like the 1st example on the 
acquired porosity side at the thickness of 0. 1 5 micrometers, 
[0053] ( Drawing 23 ) 0.1 micrometers oxidized the substrate created by the above- 
mentioned approach in the 1000-degree C steam. 

[0054] ( Drawing 24 ) Plasma treatment of the front face was carried out for the above- 
mentioned substrate and the 4 inches synthetic quartz substrate 2 1 0 prepared beforehand 
like the 1st example. 

[0055] ( Drawing 25 ) After dipping the above-mentioned silicon substrate 200 and the 
quartz substrate 210 for 5 minutes into pure water, the mutual processing side was stuck. 
Then, 180 degrees C and heat treatment of 24 hours were performed. 
[0056] ( Drawing 26 ) The silicon substrate part 200 which has 280 micrometers first was 
etched with 1 : 1 0: 1 0 mixed solutions of fluoric acid / nitric acid / acetic acid. And in the 
place which the porosity silicon layer 20 1 .exposed to the front face, the porous layer 20 1 
was alternatively etched with 1:5 mixed liquor of fluoric acid/hydrogen peroxide solution. 
Since the etching rate to the single crystal silicon of fluoric acid / nitric acid / acetic acid 
was a part for about 2-micrometer/at this time, it was about 140 minutes, and since the 
etching rate to the porosity silicon of fluoric acid/hydrogen peroxide solution was a part 
for about 1.6-micrometer/, it has etched all porous layers in about 13 minutes. Because the 
several micrometers quartz substrate 210 was etched, it remained. 

[0057] The SOI substrate equipped with the 0.1 -micrometer silicon single crystal thin film 
on the quartz substrate as a result was done, and the void consistency of SOI decreased to 
5 by about 1 /compared with the thing of the type of the quartz substrate which does not 
carry out the conventional surface treatment. 
[0058] (Example 3) 

( Drawing 31 ) The 5 inch P type (100) silicon substrate 300 with the thickness of 400 

micrometer of resistivity 0.0 1 ohm-cm was prepared, and only the thickness of 20 
micrometers formed the. porous layer 301 from the front face. 

[0059] ( Drawing 32 ) The epitaxial layer 302 was formed in the porosity front face of the 
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obtained substrate like the 1st example at the thickness of 0.5 micrometers. 

[0060] ( Drawing 33 ) 0.2 micrometers oxidizes epitaxial layer 302 front face of the above- 

mentioned substrate in a 1000-degree C steam, and it is-Si02. The layer 303 was obtained. 
As a result, it became respectively at the thickness, whose oxide-film part the silicon single 
crystal part of an epitaxial layer is 0.4 micrometers, and is 0.2 micrometers. 

3, [006 1] ( Drawing 34 ) Plasma treatment of the substrate 300 created by the above- 
mentioned approach and the synthetic quartz substrate 310 prepared beforehand was 

^ carried out. Processing conditions are as follows. 

[0062] RF frequency [ 40sccm / 160sccm pressure / 20pa ] ... 13.56MHzRF 

power ... 450W type of gas Oxygen / nitrogen interflow quantitative ratio 

Processing time .... 8 minutes ( drawing 35 ) 10% of hydrogen peroxide solution washes 

the above-mentioned processing substrate, after carrying out a rinse with pure water 
further, it is made to dry, and the mutual substrate was stuck. Subsequently, it placed for 
10 minutes, having put the pressure of 70t on the stuck substrate. 
[0063] ( Drawing 36 ) The silicon substrate side was etched with the solution as it was, 

without heat-treating the above-mentioned substrate. After removing the thermal oxidation 
film 303 which has covered the silicon substrate first by rare fluoric acid, it dipped in 2.4% 
water solution (trade name: SD-1) of the Tokuyama Soda tetrapod methyl ammonium 
hydride, and processed at 90 degrees C for about 5 hours. Thereby, the bulk silicon part 
300 by the side of a silicon substrate was etched altogether, and the porous layer 301 
exposed it. The porosity part 30 1 was succeedingly etched alternatively with fluoric acid / 
hydrogen-peroxide-solution solution, 

[0064] ( Drawing 37 ) To compensate for the area of the designed component, a 

configuration, and arrangement, patterning of the single-crystal-silicon thin film 302 on 
the quartz substrate 310 obtained according to the above-mentioned process was carried 
out to island shape. As the 1st process of component formation, 0.05 micrometers oxidized 
each island-shape field in the 1 000-degree C oxygen ambient atmosphere after patterning. 
Therefore, we decided to serve as this oxidation process with heat treatment, and the SOI 
substrate equipped with the single-crystal-silicon thin film with a thickness of about 0.4 
micrometers on the result and the transparence substrate was obtained, 
[0065] (Example 4) The detail of the 4th example of this invention is explained using 
drawing 4 . 

[0066] ( Drawing 4 1 ) The 5 inch P type (100) silicon substrate 400 with the thickness of 

400 micrometer of resistivity 0.0 1 ohm-cm was prepared, and only the thickness of 20 
micrometers formed the porous layer 401 from the front face. 

[0067] ( Drawing 42 ) The epitaxial layer 402 was formed in the porosity front face of the 

obtained substrate like the 1st example at the thickness of 0,5 micrometers. 

[0068] ( Drawing 43 ) 0.05 micrometers oxidizes epitaxial layer 402 front face of the 

above-mentioned substrate in a 900-degree C steam, and it is Si02. The layer 403 was 
obtained. 

[0069] ( Drawing 44 ) Plasma treatment of the substrate 400 created by the above- 
mentioned approach, and the diameter of 5 inch and the synthetic quartz substrate 410 
with a thickness of 625 micrometers which were prepared beforehand was carried out. 
Processing conditions are as follows. 

[0070] RF frequency [ 40sccm / 160sccm pressure / 20pa ] ... 13.56MHzRF 
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power ... 450W type of gas Oxygen / nitrogen interflow quantitative ratio 

Processing time .... 3 minutes { drawing 45 ) 10% of hydrogen peroxide solution washes 

- - -the above-mentioned processing substrate, after .carrying out a rinse with pure water 
further, it is made to dry, and the mutual substrate was stuck. Subsequently, it placed for 
1 0 minutes, having put the pressure of 70t on the stuck substrate. Furthermore, 1 80 

^ degrees C and heat treatment of 24 hours were performed for this substrate. 

^ [007 1] ( Drawing 46 ) Grinding was carried out from the silicon substrate side of the above- 

^ mentioned substrate to the place which leaves 1 00 micrometers of silicon substrates using 
surface grinding attachment. That is, will be stuck on the quartz substrate of 625- 
micrometer thickness by the silicon substrates of 1 00-micrometer thickness including a 
porous layer and an epitaxial layer. 300 degrees C and heat treatment of 24 hours were 
performed for this. 

[0072] ( Drawing 47 ) Grinding of the part 400 of the bulk which remained was 

succeedingly carried out with surface grinding attachment, and the porosity silicon part 
401 was etched with fluoric acid / hydrogen-peroxide-solution mixed liquor. The SOI 
substrate equipped with the single-crystal-silicon thin film 402 of about 0.4-micrometer 
thickness on the quartz substrate as a result was done, and the void consistency of SOI 
decreased to 1 0 by about 1 /compared with the thing of the type of the quartz substrate 
which does not carry out the conventional surface treatment. 
[0073] (Example 5) The detail of the 5th example of this invention is explained using 



[0074] ( Drawing 5 1 ) The 4 inch P type (100) silicon substrate 500 with the thickness of 

300 micrometer of resistivity 0.0 1 ohm-cm was prepared, and only 20 micrometers of the 
surface were used as porosity silicon 501 like the 1st example. 
[0075] ( Drawing 52 ) The epitaxial layer 502 was formed like the 1st example on the 
acquired porosity side at the thickness of 0. 1 5 micrometers. 
[0076] ( Drawing 53 ) 0.1 micrometers oxidized the substrate created by the above- 
mentioned approach in the 1000-degree C steam, 

[0077] ( Drawing 54 ) Plasma treatment of the front face was carried out for the 4 inches 
silicon substrate 510 which has the silicon oxide of 0.7-micrometer thickness prepared 
beforehand like the 1st example. Plasma treatment was not performed about the substrate 
which grew epitaxially on the above-mentioned porosity silicon at this time. 
[0078] ( Drawing 55 ) 10% of hydrogen peroxide solution washes two above-mentioned 

substrates, after carrying out a rinse with pure water further, it is made to dry, and it stuck 
mutually. Subsequently, it put on the stuck substrate for 1 hour, having applied the 
temperature of 200 degrees C to the pressure of 70t, and coincidence. Furthermore, the 
taken-out substrate was annealed for 30 minutes at 1000 degrees C. 
[0079] ( Drawing 56 ) Grinding and selective etching removed the bulk part 500 and the 

porosity silicon part 501 by the side of the 1st substrate for the above-mentioned 
substrate like the 1st example. 

[0080] The SOI substrate equipped with the 0. 1 -micrometer single crystal silicone film on 
0.8-micrometer silicon oxide as a result was done, and the consistency of the void of the 
SOI film decreased to 10 by about 1 /compared with what does not carry out the 
conventional surface treatment. 
[008 1 1 (Example 6) 
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( Drawing 61 ) The 5 inch P type (100) silicon substrate 600 with the thickness of 400 
micrometer of resistivity 0.0 1 ohm-cm was prepared, and only the thickness of 20 
micrometers formed the porous layer 601 from the front face. 

[0082] ( Drawing 62 ) The epitaxial layer 602 was formed in the porosity front face of the 

obtained substrate like the 1 st example at the thickness of 0.5 micrometers. 
• [0083] ( Drawing 63 ) 0.2 micrometers oxidizes epitaxial layer 602 front face of the above- 

mentioned substrate in a 1000-degree C steam, and it is Si02. The layer 603 was obtained. 
«' As a result, it became respectively at the thickness whose oxide-film part the silicon single 

crystal part of an epitaxial layer is 0.4 micrometers, and is 0.2 micrometers. 

[0084] ( Drawing 64 ) Soft X ray (wavelength of 2nm) was irradiated for 30 seconds in 

atmospheric air at the substrate 600 created by the above-mentioned approach, and the 

synthetic quartz substrate 6 1 0 prepared beforehand. 

[0085] ( Drawing 65 ) 10% of hydrogen peroxide solution washes the above-mentioned 
processing substrate, after carrying out a rinse with pure water further, it is made to dry, 
and the mutual substrate was stuck. Subsequently, it placed for 1 0 minutes, having put the 
pressure of 70t on the stuck substrate. 

[0086] ( Drawing 66 ) The silicon substrate side was etched with the solution as it was, 
without heat-treating the above-mentioned substrate. After removing the thermal oxidation 
film 603 which has covered the silicon substrate first by rare fluoric acid, it dipped in 2.4% 
water solution (trade name; SD-1) of the Tokuyama Soda tetrapod methyl ammonium 
hydride, and processed at 90 degrees C for about 5 hours. Thereby, the bulk silicon part 
600 by the side of a silicon substrate was etched altogether, and the porous layer 60 1 
exposed it. The porosity part 60 1 was succeedingly etched alternatively with fluoric acid / 
hydrogen-peroxide-solution solution. 

[0087] ( Drawing 67 ) To compensate for the area of the designed component, a 
configuration, and arrangement, patterning of the single-crystal-silicon thin film 602 on 
the quartz substrate 610 obtained according to the above-mentioned process was carried 
out to island shape. As the 1st process of component formation, 0.05 micrometers oxidized 
each island-shape field in the 1 000-degree C oxygen ambient atmosphere after patterning. 
Therefore, we decided to serve as this oxidation process with heat treatment, and the SOI 
substrate equipped with the single-crystal-sihcon thin film with a thickness of about 0.4 
micrometers on the result and the transparence substrate was obtained. 
[0088] (The almost same process as an example 3) 
(Example 7) 

(Drawing 71) The 5 inch P type (100) sihcon substrate 700 with the thickness of 400 
micrometer of resistivity 0.0 1 ohm-cm was prepared, and only the thickness of 20 
micrometers formed the porous layer 70 1 from the front face. 

[0089] (Drawing 72) The epitaxial layer 702 was formed in the porosity front face of the 
obtained substrate like the 1st example at the thickness of 0.5 micrometers. 
[0090] (Drawing 73) 0.05 micrometers oxidizes epitaxial layer 702 front face, of the above- 
mentioned substrate in a 900-degree C steam, and it is Si02. The layer 703 was obtained. 
[0091] (Drawing 74) The substrate 700 created by the above-mentioned approach, and the 
diameter of 5 inch and the synthetic quartz substrate 710 with a thickness of 625 
micrometers which were prepared beforehand were respectively set in vacuum devices, 
and the electron ray was irradiated with the acceleration energy of 0.5KeV. 
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[0092] (Drawing 75) 10% of hydrogen peroxide solution washes the above-mentioned 
processing substrate, after carrying out a rinse with pure water further, it is made to dry, 
and the mutual substrate was stuck. Subsequently, it placed for 10 minutes, having put the 
pressure of 70t on the stuck substrate.. Furthermore, 180 degrees C and heat treatment of 
24 hours were performed for this substrate. 

[0093] (Drawing 76) Grinding was carried out from the silicon substrate side of the above- 
; mentioned substrate to the place which leaves 100 micrometers of silicon substrates using 

• surface grinding attachment. That is, will be stuck on the quartz substrate of 625- 

* micrometer thickness by the silicon substrates of 1 00-micrometer thickness including a 
porous layer and an epitaxial layer. 300 degrees C and heat treatment of 24 hours were 
performed for this. 

[0094] (Drawing 77) Grinding of the part 700 of the bulk which remained was 
succeedingly carried out with surface grinding attachment, and the porosity silicon part 
70 1 was etched with fluoric acid / hydrogen-peroxide-solution mixed liquor. The SOI 
substrate equipped with the single-crystal-silicon thin film 702 of about 0.4-micrometer 
thickness on the quartz substrate as a result was done, and the void consistency of SOI 
decreased to 1 0 by about 1 / compared with the thing of the type of the quartz substrate 
which does not carry out the conventional surface treatment. 
[0095] (The almost same process as an example 4) 
[0096] 

[Effect of the Invention] according to [ as explained in full detail above ] this invention - 
the surface of a silicon substrate - porosity-izing ~ subsequently with the epitaxial growth 
of single crystal silicon, and the substrate which subsequently oxidized this growth phase 
front face It is Si02 to a front face. In the production approach of the SOI substrate 
obtained in the substrate which it has by removing the bulk silicon part and porosity 
silicon part by the side of lamination and a silicon substrate Si02 to stick By activating a 
front face by plasma treatment or the X-ray, and electron ray processing, the 
reinforcement of lamination can be raised and the void generated in an interface can be 
decreased now from several [ 1/] to 1/10. 

[0097] Moreover, when lamination reinforcement becomes high, the effectiveness that the 
annealing temperature after lamination can be stopped low also came to be acquired. 
[0098] Moreover, the thickness of a barrier layer is uniform by this invention, and it is a 
substrate Si02. It has sufficient thickness, and interface state density is small and the 
effectiveness which can produce now the ideal SOI substrate that there are few voids is 
also acquired. 
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[Brief Description of the Drawings] 

[Drawing 11 Typical process drawing for explaining the process of the example of an 

embodiment of this invention, and the 1 st example. 

[Drawing 21 Typical process drawing for explaining the 2nd example of this invention. 
• [Drawing 31 Typical process drawing for the 3rd example of this invention to explain, 
i [Drawing 4] Typical process drawing for the 4th example of this invention to explain. 

[Drawing 5] Typical process drawing for the 5th example of this invention to explain. 

[Drawing 6] The mimetic diagram of the equipment which porosity-izes a silicon substrate. 

[Description of Notations] 

100, 200, 300,400,500.600 Single crystal silicon substrate 

101 201.301,401,501 Porosity-ized silicon substrate 

102 202,302,402,502 Epitaxial growth phase 

103 203.303.403.503 EPI oxide film 
103'. 503' Support substrate silicon oxide 

1 10 210,310,410,510 It is Si02 to a front face. Support substrate which has a layer 
107 207.307,407.507 Plasma 
604,604' Etching reagent 
605,605' Positive electrode 
606.606' Negative electrode 
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